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Introduction
Annual mortality rates for patients on maintenance hemodialysis (HD) are several times higher than those of the general population (1). Compared to prevalent dialysis patients, patients new to dialysis (incident patients) experience an even higher mortality within the first few months after initiation of dialysis (1-3).
Many of the earlier studies which had assessed early mortality for incident dialysis patients reported an elevated mortality within the first 90 days after initiation of dialysis (4, 5, 6) . However, the pattern of early mortality, and whether such elevation was limited to the first 90 days, was unclear. Subsequently, using the US cohort of the Dialysis Outcomes and Practice Patterns Study (DOPPS), Bradbury et al. showed that the elevated early mortality rate appeared to be maintained throughout the first 120 days following HD initiation, with mortality rates thereafter declining (2) . Evidence from large national and regional renal registries suggested that the period of elevated mortality rate continues beyond the first 90 days (1, 3, 7) , and the degree and duration of elevation were more pronounced among elderly patients (1, 3) . However, studies of early dialysis mortality have focused primarily on a few countries, such as the US and UK. To our knowledge, mortality in the first few months after HD initiation has not been otherwise studied and compared across regions of the world.
The main purpose of this study was to evaluate mortality patterns over the course of HD treatment in 11 countries participating in the DOPPS, with particular focus on the elevated mortality rate soon after initiation of HD. We hypothesized that the elevated early mortality rate is universal in all DOPPS countries, but that the degree of elevation may differ by country. We also examined the degree of elevated early mortality by patient age, and we hypothesized that, across countries, older HD patients are less able to tolerate the initial impact of starting HD and thus have relatively higher early mortality.
Results

Study population
Among 86,886 participants, the median follow-up time was 1.2 years (range: 0 to 3.9 years), and 47,621 patients remained in the study to the end of follow-up. Of 22,172 patients that were censored, the causes of censoring included: switch to peritoneal dialysis (n=1,957), kidney transplant (n=3,594), recovery of kidney function (n=1,052), transfer out of a DOPPS dialysis facility (n=15,565), and other (n=4). There were 16 
Mortality at the early and late (vs. intermediate) period of dialysis
Crude mortality rates were highest in the early dialysis period (≤120 days) in all countries ( Figure 1 ). Mortality rates in the intermediate period (121-365 days) were similar to those in the late (>365 days) period. A sensitivity analysis limited to patients incident to dialysis at DOPPS enrollment resulted in rates that followed a similar pattern, with higher rates in the early dialysis period in every country. Table 2 shows the adjusted hazard ratios for the early and late (vs. intermediate) period for each country. The adjusted hazard ratios for the early period vs. the intermediate were 3.1 in Japan; 1.6-1.8 in ANZ, Belgium, and Italy; 1.3-1.5 in Canada, France, Germany, Sweden, and the US; and 1.2 in the UK. The adjusted hazard ratios for the late period vs. the intermediate period were closer to 1, ranging from 0.93 (95% CI = 0.78, 1.12) in the UK to 1.25 (95% CI = 1.03, 1.52) in France.
The percentage of patients who switched modality was 4% or less in all countries except Australia/New Zealand (8%), and most of these patients switched before 120 days. If these patients were excluded from the analysis, the adjusted hazard ratios comparing the early period to the intermediate period were substantially similar to the results presented in table 2.
Mortality in other countries compared to the US
In each dialysis period, the adjusted hazard ratio, comparing each country with the US, was less than 1, with Japan displaying the lowest mortality rates in all periods (Figure 2 ). During the early period, the adjusted hazard ratios ranged from 0.50 (95% CI =0. 36 We observed interactions between dialysis period (< 120, 121-365, and >365 days) and age (p=0.002) (Figure 3a) , and sex (p=0.02) and primary cause of ESRD (p<0.001) (Figure 3b ), on the risk of death. A greater elevation in risk in the first 120 days was seen in older compared to younger patients (HR=1.59 vs. 1.08), females compared to males (HR=1.62 vs. 1.42), and those without versus with diabetes as a primary cause of ESRD (HR=1.62 vs. 1.39). In the subsequent periods, similar patterns were not observed. Crude mortality rates were consistently higher at ≤ 120 days compared to >120 days in each country by age stratum (not shown).
Monthly (30-day) mortality rates in first year of dialysis
We estimated crude mortality rates by month, overall and by age (<65 vs. ≥65) (Figure 4) . Overall, the mortality rate was highest in the first 2 months of dialysis, then decreased steadily to 180 days, and leveled off during the rest of the year. This temporal trend differed appreciably by patient age. The decline in mortality during the first 180 days was substantially greater among patients 65 years and older (53%) than in younger patients (about 35%).
Withdrawal from Dialysis
Among patients who died, 14% were coded as withdrawing from dialysis as their stated reason for leaving the dialysis facility. Among these patients, 74% had reported death dates and, of these, 82% had a death date at least four days after their date of last dialysis. Death was considered due to withdrawal in these patients. Among these patients, over half died by 9 days after their last dialysis and 74% died by 14 days. Figure 5 shows the percentage of deaths due to withdrawal, by country and dialysis period. The percentage of deaths due to dialysis withdrawal was higher in every country during the earlier period (<120 days) than in the later period, and ranged from 39% (<120 days) and 22% (120+ days) in Australia/New Zealand to 3% (<120 days) and 1% (120+ days) in Italy.
Discussion
In the international DOPPS cohort, we found consistently higher mortality rates in the first 120 days after starting HD, but the rate during this early period differed among countries, varying nearly two-fold between Japan at the low end and Belgium and the US at the high end. The magnitude of excess mortality in the first 120 days compared to later periods was substantial in all DOPPS countries except the UK, and the degree of elevated early mortality was more pronounced among patients at least 45 years of age. In our analysis of monthly mortality rates, we found that mortality was highest in the first 2 months of dialysis; then it decreased steadily and leveled off after 180 days.
Though mortality was higher in the early dialysis period in all DOPPS countries, differences between countries were dramatic with the adjusted hazard ratio for the early (vs. intermediate) period ranging from 3.10 in Japan to 1.15 in the UK. These differences may have a variety of complex determinants, such as: (1) patient characteristics and medical care before starting dialysis, as well as attitudes towards acceptance of dialysis, (2) dialysisrelated care and adherence to care, and (3) withdrawal from dialysis. These are discussed further below.
First, characteristics of patients starting dialysis may differ between countries because of differences in the epidemiology of chronic kidney disease (CKD), access to care and quality of medical care for CKD patients, and the acceptance for and timing of initiation of dialysis. Processes surrounding "acceptance" for dialysis are complex, as these reflect a combination of patient preferences, provider preferences, and contextual effects reflecting cultural and societal differences. In Japan, our understanding is that the markedly elevated HR for early vs. later mortality is driven by the standard that dialysis facilities initiate dialysis treatment on all patients with terminal kidney failure, regardless of health condition (8) . Thus, patients with poor short-term prognosis typically start dialysis and may die shortly thereafter. By contrast, other countries may be more likely to forgo dialysis in such patients, based on the judgment that its use would be futile or detrimental to patient well-being. For example, the lower hazard ratio, comparing the early vs. intermediate period, in the UK may be due, at least in part, to the decision not to dialyze some patients with short life expectancy. In keeping with this practice approach, in the UK a pathway for end-of-life care without dialysis, termed 'conservative kidney management,' has recently been developed for selected patients with advanced kidney disease (9) . Second, differences in dialysis-related medical care influence early dialysis mortality. Interventions identified as important include timely access to pre-ESRD nephrology care, ESRD education and support services, treatment of biochemical abnormalities in advanced CKD, and timely placement of a permanent vascular access. The crude early dialysis mortality rate in Japan is lower than in other countries, a finding likely attributable in part to high quality care including national screening programs for kidney disease, greater focus on management of patients with CKD, readily accessible nephrologist care, and excellent preparation for dialysis (8, 10, 11) , as well as exceptionally high early fistula use (12) . DOPPS has previously demonstrated wide variation in catheter use among incident patients in its 12 countries, with prevalence (in the DOPPS study sample) ranging from 26% in Japan and 23% in Germany to 73% in Belgium and 70% in Canada (12) . Interestingly, early mortality rates presented now (from DOPPS census data) were lowest in the two countries with lowest catheter use (Japan, Germany) and highest in 3 of the 4 counties with the highest catheter use (Belgium, United States, Sweden). A separate DOPPS analysis reported that the percent of patients receiving pre-ESRD nephrology care was lowest in Belgium and the United States, the two countries with the highest early mortality in the current study (20) . Studies elsewhere have highlighted catheter use and late or absent pre-ESRD nephrology care, as well as malnutrition as captured by hypoalbuminemia, as major 'reversible' determinants of early dialysis mortality (2, (13) (14) (15) (16) . Though one study noted that survival among older patients starting dialysis in the US has not materially improved despite earlier pre-ESRD nephrology consultation, DOPPS and others have consistently found pre-ESRD nephrology care to be associated with improved early dialysis mortality and hospitalization rates (2, (17) (18) (19) (20) (21) . Greater awareness of high first-year mortality in general has stimulated focus on interventions, before and after dialysis initiation, to address this problem. In the US, an example of this is Performance Excellence and Accountability in Kidney Care (PEAK), a voluntary quality improvement campaign to reduce mortality among first-year dialysis patients (22). To translate this goal into improved outcomes, interventions have been launched, such as a systematic case management program in the first three months of dialysis which has been largely successful (23) (24) . Additional efforts centering on eliminating barriers in access to pre-ESRD nephrology care, improving coordination of care, or reducing early catheter use are needed.
Third, withdrawal from dialysis is more common in the early dialysis period ( Figure 5 ). Early withdrawal will contribute to elevated early mortality to the extent that patients withdrawing early would otherwise have survived to a later dialysis period. Our clinical intuition is that many, though not all, patients who were coded as withdrawing from dialysis would have died relatively soon if not withdrawn from dialysis. In our study, the percentage of deaths due to dialysis withdrawal ranged dramatically, from the highest in Australia/New Zealand to the lowest in Italy. Our finding of that a high proportion of death is due to withdrawal in Canada is corroborated by a recent study of Canadian registry data (25) . It is tempting to speculate that the variation in withdrawal across countries is due to differences in cultural attitudes toward acceptance for dialysis of frail patients (e.g., initiating a "trial of dialysis"), as well as cultural attitudes about the appropriateness of withdrawal of a treatment needed to sustain life (26) (27) (28) . Additional investigations to confirm and understand these differences that we report by country are needed.
This study also helps to clarify the duration of elevated early mortality after initiation of dialysis. Although the first 90-day period has been used as a convention, studies and registries have reported declining rates of death over an extended period within the first year of dialysis treatment (1, 2, 3, 7) . In this study, we presented monthly mortality rates over the first year of dialysis treatment, and showed that the crude mortality rate continued to decrease over the first 180 days of dialysis treatment, particularly among HD patients ≥65 years ( Figure 4) . Since both the first 90 and 120 days contained the period of most elevated mortality after initiation of dialysis, characterizing early mortality by using the first 120-day period, as chosen in the earlier DOPPS paper by Bradbury et al. (2) , may be a prudent approach in future studies.
For many years, mortality on dialysis has been higher in the US than in many other countries (1, 29, 30) . In this study, we extend this finding by demonstrating that mortality is higher in the US than most DOPPS countries in the early dialysis period, as well as at later dialysis vintages. Early mortality is also especially high in Belgium. While this is in part explained by age (Belgium has the highest mean age among DOPPS countries), mortality adjusted for age remains high in Belgium as in the US. Though not evaluated in this analysis (because it was limited to DOPPS census data), the high early use of catheters in these countries likely contributes to this finding, as a previous DOPPS analysis demonstrated that facility catheter use explains much of the difference in mortality between the US and Europe (31) . In the United States, the reduction in catheter use among prevalent hemodialysis patients since the launch of the Fistula First Initiative is encouraging (32) . However, achieving substantial reductions in catheter use among incident patients is a vital next step. Efforts including improving access to pre-ESRD nephrology care and coordination of care are underway, and additional focus is warranted (22-24).
A unique advantage of this analysis is that mortality rates can be compared directly across DOPPS countries because of the uniform, representative sampling methods and data collection methods. Consistent with previous DOPPS findings (30, 33), we showed large variation across countries in annual mortality rates among prevalent HD patients, with the highest mortality rate in Belgium, Sweden, and the US (approximately 20 deaths per 100 patient-years), an intermediate rate in ANZ and European countries (between 14 and 17), and the lowest rate in Japan (approximately 6). In each country, a representative random sample of dialysis facilities is invited to enter the DOPPS. As in most studies, sites agreeing to participate may have somewhat higher performance on average than other facilities. Despite this possibility, the annual mortality rates reported by DOPPS in many of the study's countries have been similar to, or only slightly lower, those reported by national registries (33) (34) (35) . The annual mortality rate among Japanese DOPPS patients was lower than reported by the Japanese Society of Dialysis Therapy (9.6% in 2009) (36) . In Japan, DOPPS applies proportional sampling of the 9 or 10 different types of facilities defined by the JSDT, but may not capture all deaths, possibly due to difficulties in obtaining complete follow-up for patients who are hospitalized for illness and subsequently transferred to specialized care settings. If the hypothesized missing deaths in Japan were distributed across the time periods in a way that differed greatly from the way deaths are distributed in the reported data, then the conclusions with respect to Japan may not hold.
Our results can be considered generalizable across participating countries because the DOPPS enrolls representative national samples of HD facilities (33, 35) . This analysis relied on the DOPPS census (the entire population of patients in DOPPS facilities) because it had three times as many patients as in the DOPPS study sample and because it did not require patients to give informed consent, which tends to bias selection toward healthier patients. On the other hand, DOPPS census data are limited to the inclusion of few patient variables: age, sex, race, and cause of ESRD, as well as date of death and facility departure events. Although these variables are the ones typically used for making adjustments in national registries (with DOPPS census data having advantages over international registry comparisons that include standard data collection methods, standard covariate data, and reliable capture of incident patients) (1, 3), they comprise many fewer variables than the detailed patient-level data in the DOPPS study sample. For example, the DOPPS census does not contain detailed information on the cause of death, comorbidities, laboratory test results, and treatment data. Previous analyses with detailed data from the DOPPS study sample have shown that there are substantial differences in patient case-mix across countries (30) , and that adjustment for these differences and for vascular access practices markedly attenuate the crude survival differences across countries (31) . To date, an analysis focused on explaining mortality differences across countries in incident dialysis patients has not been feasible because the DOPPS study sample has had a relatively small number of incident dialysis patients in certain countries. By sampling a high proportion of incident dialysis patients, the current phase of DOPPS (DOPPS 5) will make this analysis feasible. Additionally, studies that focus on case-mix and practice patterns among advanced CKD patients and the dialysis transition period are warranted to gain understanding of their influence on early dialysis mortality and to identify practices to improve outcomes.
Mortality rates in the first few months following dialysis initiation were substantively higher in all countries participating in DOPPS, and this elevation was most pronounced among older patients. Furthermore, overall differences in mortality on dialysis between countries are strongly influenced by mortality in the early dialysis period. To the best of our knowledge, this study is the first to compare mortality rates soon after starting dialysis in a large, multi-national cohort of dialysis patients. These results better characterize this highrisk period for dialysis patients internationally, providing an important framework for future investigations to explore differences in practice and outcomes, to identify optimal approaches to extend survival, and to target early mortality as a means to lessen disparities in dialysis survival internationally. We anticipate that the burden of excess early mortality may be lessened by improving access to high-quality medical care for CKD patients, improving coordination of care, optimizing approaches for acceptance and preparation for dialysis, reducing early catheter use, and delivering effective dialysis-related care.
Methods
Data Source
The DOPPS is a prospective cohort study of in-center hemodialysis practice patterns and outcomes. Twelve countries, including Australia, Belgium, Canada, France, Germany, Italy, Japan, New Zealand, Spain, Sweden, the United Kingdom (UK) and the United States (US), participated in the DOPPS phase 2 (2002-2004) and phase 3 (2005-2008) . In each study phase, a random, stratified sampling method was used to select a generally representative sample of dialysis facilities for each country (37, 38) .
The analyses for this paper used the DOPPS census database. This population consisted of all hemodialysis patients treated at each participating facility, including patients being treated at the start of each DOPPS phase and patients who started treatment during followup. Study coordinators were directed to enroll only chronic hemodialysis patients (less than 1% of the patients appeared to have reversible kidney injury, as they left the study due to recovery of kidney function). In the DOPPS census database (phase 2 and 3), we identified 100,411 HD patients at least 18 years old at census enrollment. 5,493 patients from Spain were excluded due to unreported mortality in the first 30 days of dialysis treatment in a substantial proportion of dialysis facilities. After also excluding 6,254 patients with missing dates of study enrollment and 1,778 patients with missing dates of dialysis initiation, 86,886 census patients (87% of the total) were included in this analysis.
Covariates and Outcome Data
Baseline patient information on age, sex, race, diabetes as cause of ESRD (Yes/No), and the date of first chronic dialysis were collected for all census patients. Outcome data including date of death or censoring were obtained for all patients during follow-up. Reasons for censoring included switch to peritoneal dialysis, kidney transplant, transfer out of a DOPPS facility, recovery of kidney function, and the end of follow-up. Patient status (dead/alive/ unknown) was requested for up to 60 days after departure from the DOPPS facility. Ninety percent of deaths occurred during study follow-up or within 11 days of departure. For patients who had not died, follow-up was censored at 7 days after departure from the facility. All reported deaths were included as outcome events in these analyses.
Withdrawal was coded if it was the reported reason the patient left the dialysis facility. Death was considered due to withdrawal if the date of death was 4 or more days after withdrawal. If the patient withdrew and no date of death was reported, a date of death was imputed at 8 days (the median reported time to death after withdrawal).
Statistical Analysis
The primary outcome was all-cause mortality. Crude mortality rates (MRs) were estimated as the number of deaths per 100 patient-years at risk. 95% confidence intervals (CI) for rate estimates used Byer's method (39) . The main predictor was time since the start of dialysis, categorized as early (≤120 days after start of dialysis), intermediate (121-365 days), and late (>365 days), with the cut-point of 120 days based initially on previous DOPPS analyses (2). Follow-up started for each patient upon their entry into the DOPPS census.
Cox regression was used to compare mortality rates between dialysis periods (< 120 days, 121-365 days, and >365 days since start of dialysis) for each country, treating the intermediate period as the referent, and to compare mortality rates among countries within each dialysis period (US as referent). Both objectives were accomplished in the same model by using indicator variables for DOPPS countries, time-dependent indicators for dialysis periods (i.e., time-dependent vintage effect updated for each patient throughout his/her timeat-risk), and product (interaction) terms for country and dialysis period. The model was stratified by study phase, and adjusted for age, sex, race, and diabetes as the cause of ESRD.
Note that there were two different measures of time in the Cox model -time since the patient joined the census, and time since dialysis start as a time-dependent covariate. Time since joining the census was the time axis in the Cox model, while time since dialysis start was the predictor.
To evaluate mortality patterns by available patient characteristics, crude mortality rates for the early, intermediate, and late periods were estimated by age at census enrollment (<45, 45-54, 55-64, 65-74, ≥75 years), sex, and primary cause of ESRD (diabetes v. other). Adjusted hazard ratios and 95% confidence intervals for the early and late (vs. intermediate) periods were obtained from separate Cox models fitted to each age, sex, and cause of ESRD group. In each model, the primary predictor was dialysis period, modeled as time-dependent indicators. Age at census enrollment was included as a continuous covariate in each separate age group model to adjust for possible age confounding within the group. Models were stratified by study phase and adjusted for country, age, sex, race, and diabetes as the cause of ESRD. Cox models were used to test the overall interaction between dialysis period and age (as a categorical variable), sex, or cause of ESRD category using product terms. A likelihood ratio test compared models with and without all product terms for age and the <120 day dialysis period.
To more clearly identify patterns of changing mortality during the first year of dialysis, we estimated crude mortality rates by month, overall and dichotomized according to age <65 and ≥65 years. To avoid unstable estimates due to sparse data, monthly mortality rates were not estimated within countries or in a greater number of age categories.
The proportional hazard assumption for Cox models was checked graphically and using the stratification method. All statistical analyses were performed using SAS software, version 9.2 (SAS Institute, Cary, NC). 
Mortality After the Start of Dialysis
Countries were ordered by mortality rate at ≤120 days. ANZ=Australia and New Zealand; BE= Belgium; CA= Canada; FR= France; GE= Germany; IT: Italy; JPN= Japan; SW= Sweden; UK= United Kingdom; US= United States Error bars correspond to 95% confidence intervals calculated using the Byer approximation Figure 3a: Association of mortality with age and vintage † One model was fitted to each patient subgroup based on age at study enrollment (<45, 45-55, 55-64, 65-74, ≥75 years) Models were adjusted for age, sex, race, and diabetes as cause of ESRD, stratified by countries and study phase, and accounted for facility clustering. *Mortality rate: unadjusted number of deaths per 100 patient-years. Error bars correspond to 95% confidence intervals calculated using the Byer approximation. Figure 3b : Association of mortality with sex, diabetes status, and vintage † One model was fitted to each patient subgroup based on sex or diabetes status at study enrollment Models were adjusted for age, sex, race, and diabetes as cause of ESRD, stratified by countries and study phase, and accounted for facility clustering.
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